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RESEARCH MEMORANDUM

AERODYNAMTIC CHARACTERISTICS OF MISSILE CONFIGURATIONS WITH
WINGS OF IOW ASPECT RATIO FOR VARIOUS COMBINATIONS OF
FOREBODIES, AFTERBODIES, AND NOSE SHAPES FOR
COMBINED ANGLES OF ATTACK AND SIDESLIP
AT A MACH NUMEER OF 2.01

By Ross B. Robinson
SUMMARY

An investigation has been msde in the Langley L4- by L4-foot super-
sonlc pressure tunnel to determine the aserodynemic characteristics of a
series of missile configurations having low-aspect-ratio wings at & Mach
number of 2,0l. The effects of wing plen form and size, length-dismetexr
ratio, forebody and afterbody length, boattalled and flared afterbodies,
and verious nose shgpes were determined. Six-camponent force and mament
data are presented for combined angles of atteck and sideslip to about
28°, TNo englysis of the data hss been made in this report.

INTRODUCTION

A problem of increesing importance in missile design 1s the effi-
cient utilization of internal stowage space in aircraft. The use of
low-aspect-ratioc l1ifting surfaces with small span-diameter retios would
result in more compact missiles occupying materislly less volume than
the same number of configurations with large-span 1ifting surfaces.

Another problem of missile design 1s the meneuverability required
by the limited scanning angles of the missile seeking equipment. The
missile should be capasble of large attitude changes with minimum control
deflections. A configuration with nonlinear 1ift and pitching-mament
varietions such that the values of static margin end lifit-curve slope
sre low near zero angle of attack would satisfy this requirement.
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informa'bion on missiles having low-span wings. The results of an :anes-
tigation of monowing strips of span~dismeter ratios from 1l.19 to 2.0L1
on s body of revolution at & Mach number of 1l.41 are presented in refer-
ence 1. The aerodynamic charascteristics in pitch for Mach numbers from
1.97 to 3.35 of a series of missile configurstions having low-aspect-
ratio monowings and various types of controls are given in references 2
and 3.
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This report contains the results of an investigation of a series
of missile configurations heving verious length-dismeter ratios, wing
plan forms, nose shapes, and forebody and afterbody arrangements at a
Mach number of 2.0l in the lengley 4- by L-foot supersonic pressure
tunnel. Six-component force and moment data were obtailned for combined
angles of attack and sideslip to about 28°, No analysis of the datsa

hes heen mede in this renort.
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SYMBOLS

The date are presented as coefficients of forces and moments with
the center of moments at the leading edge of the exposed root chord of
the wing. All the data are referred to the body-sxis system (fig. 1).

Cy normsl-force coefficient, I
gs
Cp axial-force coefficient, A
asS
My
Cpy pitching-mament coefficient, e
Mx_
Cy rolling-mament coefficient,
gsSd
Mz,
Cn yawing-moment coefficient, Egé-
Cy side-force coefficient, %
N normal force
A exial force

A

-
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side force

pitching moment

rolling moment

yewing moment

diameter of cylindrical section of body, 5.00 in.

cross-sectional area of cylindrical portion of body,
0.0491 sq £t

dynamic pressure
angle of attack of model center line, deg
angle of sideslip of model center line, deg

deflection angle of spoiler, perpendiculer to hinge line,
positive when trailing edge deflected upward, deg

longitudinal distance of moment center rearward of nose

of body
length of body
position of mament center rearward of nose

length-dlameter ratio of body

Model camponents (see fig. 2):

Forebodies (figs. 2(b) emnd 2(c)):

Fi» F'T’ Fg, F9 ogive-cylinders with verying lengths of cylindrical

portion (fig. 2(b))
flat-face cylinder with tripod tip

Fo with wire mesh on tripod

modified oglve-cylinder wilth hemisphericsl nose
F5 with 3-inch spike

F5 with slotted cone falring
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Afterbodies (fig. 2(d)):

AO no afterbody

Ay, Ao cylindrical aefterbodies
A5, Ay, A5 boattailed afterbodies
A6, A7, Ag flared afterbodies

Wings (fig. 2(f)):

Yo wing off
Wis Wo, Wz delta wings
Wi s W5, Wg rectanguler wings

MODEL AND APPARATUS

Sketches of & typical complete model and of the model caumponents
are shown in figure 2. The gecmeiric characteristics of the various
components and cambinations of forebodies, wings, and afterbodies are
given in teble I. Values of x/I and 1/d4 for all the bodies are
also given in table I. The models used in this investigetion are shown
in figure 3.

The vearious confligurations were obtained by attaching combinations
of forebodies, afterbodies, and wings to a cylindrical section Wy having
a diameter of 3.00 inches (this dismeter is hereinafter referred to as
1 caliber in calculeting body lengths) housing the internsl strain-gage
balance (fig. 2(f)).

The basic forebodles Investigated were a series of 3.5-caliber oglve-
cylinders with varying lengths of cylindrical section (fig. 2(b)). In
addition, a 3.5-caliber ogive with a rounded nose (F5, fig. 2(e)) to whieh

a slotted cage (F6, fig. 2(c)) or a 3-inch spike could be attached (Fh’
fig. 2(c)), end a flat-fece cylinder with a tripod, with and without a
wire mesh eround the tripod (F2 and F3, fig. 2(c)) were tested. The

3-inch spike was selected as a result of tests at a Mach number of 1.61
of & similer configuration (refs. 4 and 5) which indicated this spike
length to be optimum for minimum drag et small angles of attack.
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The afterbodies, shown in figure 2(d), consisted of the following
configurations: Ag, no afterbody; A, a l-caliber cylinder; Ao, &

2-caliber cylinder; Az, a l-callber 6.50° boattail; Ay, & l-caliber
6.50° boattail attached to a l-caliber cylinder; A., a 2-caliber

3.25° boattail; Az, a l-caliber 6.50° flare; A7, a/l-caliber 6.50° flare
attached to a l-caliber cylinder; and Ag, a 2-caliber 3,25° flare.

Cruciform wings were mounted in slots in the balance housing.
Three rectangular-wing and three delta-wing configurations were tested
(fig. 2(f) and table 1). The wings were so designed that the exposed
areas of the medium and large wings of each series were two and four
times, respectively, those of the small wings. Areas of corresponding
wings In each seriles were egual; for example, the exposed ares of the
large rectangular wing was equal to that of the large delta wing.

Two spollers, one for each horizontal wing panel, were provided
for the large delta wing (fig. 2(g)). Deflections of L45° and 90° were
obtained by facing either the oblique or the perpendiculer face of the
spoiler forward. The length of each spoiler was 3.094 inches and the
width of each spoller was 0.625 inch. The height of each spoller was
0.625 inch.

The models were mounted on a rotary sting to permit testing through
ranges of combined angles of atteck and sidesllip. Six-component force
and moment data were measured by en internsl strain-gage balance. Base
pressues were megsured with a single tube well inside the model. A
cylindrical wooden block spproximstely the same size as the base of the
model and 1 inch long was attached to the sting about 1/8 inch behind
the model base.

TESTS, CORRECTIONS AND ACCURACY

Test Conditions

The tests were made at a Mach number of 2,01, a stagnation tempera-
ture of 100° F, and a stagnation pressure of 1,440 pounds per square foot
absolute. The Reynolds number, based on the maximum dismeter, was

0.62 x 106 (2.47 x 106 based on a length of 1 foot). Stegnation dewpolnts
of -25° or below were maintained to eliminate condensation effects. The
angle-of-attack range for pitch tests was from -4° to about 28° at zero
sideslip, and the angle-of-sideslip range was from -4 to a meximm of
about 28° at angles of attack of about 0°, 4,19, 8.20, 12,30, 16.4°,
20.5°, and 2k.7° .
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Corrections end Accuracy

The angles of atteck and sideslip were corrected for the deflection
of the balence and sting under load. The Mach number varietion was
about +0.015 and the flow-angle varlation in the vertical and horizontal
planes did not exceed #0.1°. No corrections have been applied to the
data to account for these vearlaetions.

The axisl-force data were adjusted to a base pressure equsl 10 free-
stream static pressure. Since the measured base pressures were about
the same as the test-section static pressure for angles of attack to
about 8°, the wooden block appsrently was effective in producing spprox-
Imately constant pressures across the base of the model. Base-pressure
measurements for several of the configursetions were found to be inaccurate
because of instrument failure. The esxial-force coefficlents for these
configurations were corrected by using base pressures measured for con-
figurations having the same wing located the same distence from the base.

The probable errors In the force and mament dete for small angles
of attack and sideslip are considerably lerger for the body configura-
tions without wings then for the body-wing configurations because the
strain-gage balance was not-able to measure very smell loads with suf-
ficlent accuracy. Small increments of forces and moments could be
accurately measured in higher loed ranges. Zero shifts and random
instrument errors were about the same for all configurations. Compari-
son of tests made with and without the wooden block for the configura-
tlon with large delta wings, no afterbody, and l/d = 10 1indicated
negligible effects of the block on the forces and moments.

Estimated probable errors in the force and moment data based on the
repeatibility of the results, zero shift, calibration, and randan instru-
ment errors are as follows:

CNC'..Ill'....-.--llC.l.I.llI.lli‘o-o565
CA........-.......o...---..--...i0.00585

Cm ¢ @ 8 ¢ & @ ® 6 s & & & @ ¢ 6 & & & s 6 ¢ & © @ ¢ © O o ¢ o :t0.0950
Cz 8 e e e s 8 s & & & 8 @ 8 6 8 e & e 6 6 © ° ° & ¢ o & O o » i0.0037
Cn e 8 8 e s e 8 6 e ¢ & ¢ ¢ & 8 ° & & s 5 e ° O s O @@ ¢ e & 10.0923
CY e 6 & & @ ¢ ¢ ® ® ® ¢ & & & 6 @ 6 ¢ & & & 8 & ¢ ¢ s & & e = 10.0580

The angles of attack at zero sideslip and sideslip angles at zero
angle of attack are estimated to be correct within +0.1°., For combined
angles of attack end sidesllp the angles are correct within +0.29,
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PRESENTATION OF RESULTS

The date are presented in figures 4 to 46. The effects of delta
and rectanguler wings on the aerodynamic characteristics in pitch and
in sideslip at various angles of attack with various cylindrical sfter-
bodies (1/d = 10) are found in figures 4 to 21. Figures 22 to 30 present
the effects of forebody length on the serodynamlc charscteristics in
pltch and in sideslip for bodies with various cylindrical afterbodies
with and without the large delta wing at varlous angles of attack (Z/d
varies). The effects of various bosttailed and flared afterbodies with
large delta wings on the aerodynsmic characteristics in piteh and in
sideslip at various angles of attack are presented in figures 31 to 39
(I/d = 10). The effects of the various special nose shapes on the aero-
dynsmic characteristics in pitch and In sideslip at various angles of
attack with no afterbody and with large delta wings sre presented in
figures 40 to 45 (1/d varies). The effects of spoiler deflection on a
configuration with l-caliber cylindrical afterbody and large delta wings
(FTWlAl) on the aerodynemic characteristics in pitch and in sideslip =%

zero angles of attack are presented in figure 46 (1/d = 10).

The sxisl-force coefficlents for the following configurations were
corrected for base pressures from similar configurations as described in
the preceding section:

Configurations Figure

FlWl.AO, F7W1A0, F9W1AO . s e L] o. ® e ¢ ¢ & ¢ ¢ @ © & s & & o o 22
FlWlAl’FgwlAl..a---o--.-o-..c-..u.co-. 23-

FTWlAe,F8WlA2,F9WlA2c-.c.ac.oooc.u.oln-.- 2""
Fewle--.aac.u-.onucoonnoono---.nu- )'I‘O

No axisl~force coefficients heve been presented for configurations
F7W1A3 and F7W1A6. The measured base pressures were not accurate and

no base pressures for similer configurations were availsble.

CONCLUDING REMARKS

An investigation was made in the Langley 4- by 4-foot supersonic
pressure tummel to determine the aerodynsmic characteristics on a con-
flguration with varlous comblnations of forebodies, afterbodies, nose
shepes, and wings with low aspect retioc. Six-companent force and moment
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deta were obtained for camblned angles of attack end sideslip to about
28°, No analysis of the date has been made in this report.

Langley Aeronsutical Laboratory,
National Advisory Comittee for Aeronautics,

Lengley Fleld, Va., April 3, 197.
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TARLE I.- GEOMETRIC CHARACTERISTICS OF MODELS

(a) Cheracteristics of moldal components
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TAHLE T.- GEOMFTRIC CHARACTERISTICS OF MODELS - Concluded.,

(b) Body-campomnent combinations

Center-of -gravity| Center~-of-gravity Alternate
Camponent | Length, | Length-diameter| jo0ption prom location fram | afterbodies
canbingbions | in, ratlo base, calibers nose, x/1 used
Fi¥ofo 24.00 8 4,33 0.459 Kone
ZAN 27.00 9 k.33 .519 None
FyWohy 27.00 9 5.33 408 Rcne
Fgoho 30.00 10 h,33 56T None
Folohy 30.00 10 5.33 467 Az or Ag
FWoAs 30.00 10 6433 367 Ays Rs, A, Ag
F9WOAD 33,00 11 L33 606 None
FaWoh, 33.00 11 5.53 515 None
F7W0A2 33,00 1 6.53 A2l None
F9W0.Al 36.00 12 5.33 .556 None
Fghohs 36.00 12 6.33 L73 None
FoWohs 39.00 13 6.33 513 None
FsWoly 23.36 7.78 4.33 J43 None
Fehghy 26.36 8.78 4.33 307 Kone
Fy Voo 26.36 8.78 4,33 507 None
FsWo 20,12 T.37T 4,33 A2 None
F WAy 22,12 T3T k.33 RINL) None
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Figure 1l.- Axis systems.

Arrows indicste positive
moments, and angles.
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(a) Details of typlcel configuration, FgWAg.

Figure 2.- Details of models. All dimensions are in inches except as noted.
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f———11.00 - >
_ - _ 300
|
F
————— [4 00 >
Fe
< 17.00 >J]
Fg
~————— 20.00 >

Fo

(b) Forebodies with 3.5-caliber-ogive cylinders and with constant rear
diameter of 3.00 inches.

Figure 2.- Continued.
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fe 1036 —
e 500
105 R \—Tangency point 3.00
—_ 1
Fs
A
} 3.00
[

~ 1

———— Wire screen on F3z

Fz and Fz
(c) Special nose shapes.

Figure 2.- Continued.
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- 3,00 — —~<~——6.00 >
)
300
No afterbody — — -
Ao A Ao
e—3.00— 3,00 —=—300—> ~———— 6.00 ———
{ S |
! 7 —
650° _ | e50° | 300 _3.25° | 232
L ) ‘
Az Ag As
<300 ﬁ le—3,00 —>—-:—/3ﬁ—/>- <———6.00 ——>-|
6.50° 6.50° 300 3.25° 3.68
] L
Ag Az Ag

(d) Afterbodies. (All afterbodies are bodies of revolution.)

Figure 2.- Continued.
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(e) Fuselsge combinations, (All configurations include belance sec-
tion Wp. See FqAy and rigs. 2(b) and 2(d) for details.)
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Figure 2.~ Continued.
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Delta wing series

Rectangular wing series

(£) Details of wings.

Figure 2.- Continued.
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IR 41 =500 188 — ~f |<500
— — — |
1
Typical wing section A-A
6251
_ XA 625~ le—3.094 >
Spoiler
I
|
|
03]+ \.625
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(g) Details of spoilers.

Figure 2.=- Concluded.
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(a) Typical delta-wing configuration. I-94318

Figure 3.~ Models used in investigation.
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(b) Typical rectangular-wing conflguration. L-94317

Figure 3.~ Continued.
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T L-94320

(e) Ogive cylinders and 2-caliber boattailed and flared afterbodies.

Flgure 3.~ Contlnued.
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L-94319

4 5
b P

Lz

o 1 2
Ta b ol

(d) Rounded ogive and tripod noses. |

Figure 3.~ Concluded.
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-8 -4 o 4 8 12 16 20 24 28 32

a, deg

Figure 4.- Effects of delta wings on aserodynamic characteristics in
pitch. No afterbody; 1/d = 10.
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8 -4 0: 4 8 12 186 20 24 28
a, deg

Figure 5.=- BEffects of delta wings on aerodynamic characteristics in
pitch. One-caliber cylindrical afterbody; 1/d = 10.
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Figure 6.- Effects of delta wings on aserodynamic characteristics
pitch. Two-caliber cylindrical afterbody; 1/d = 10.
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(a) o = 0°.

Figure T.- Effects of delta wings on serodynamic characteristics in slde-
slip. No afterbody; 1/d = 10.
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B, deg

(b) « = 4.1°.

Figure T.- Continued.
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B, dag
(¢) a = 8.2°.

Figure T.- Continued.
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(a) a« = 12.3°.

Figure T.- Continued.
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-8 -4 0 4 8 2. 16 20 24 28
B, deg

(e) o =~ 16.4°,

Figure T.- Continued.
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B, deg

(f) o = 20.5°,

Figure T.- Continued.
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(g) o=~ 2k.7°

Figure T.- Concluded.
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Cy

BI deg

(&) « = 0°.

Figure 8.~ Effects of delta wings on aerodynamic characteristics in side-
slip. One=-celiber cylindrical afterbody; 1/d = 10.
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B, deg

(b) a =~ 4.1°,

Figure 8.- Continued.
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Cy

-4 0 4 8 & 20 24
' 8, deq

(c) a = 8.2°.

Figure 8.- Continued.
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0O 4 8 12 B8 20
B, deg

(d.) == 120500

Figure 8.~ Continued.
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4 8 2 i6 20 24 28 32
8, deg

(e) « ~ 16.4°.

Figure 8.~ Continued.
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B, deg

(£) « =~ 20.5°.

Figure 8.- Contilnued.
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B, deg

(g) o = 24.7°.

Figure 8.- Concluded.
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-2 BE=
8 -4 0 4 8 i2 16 20 24 28 32
B. deg
(&) a« = 0°.

Figure 9.- Effects of delte wings on aerodynemic characteristics in side~
slip. Two-caliber cylindrical afterbody; 1/d = 10.
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8 2 16 20 24

(b) a = 4,1°,

Figure 9.~ Continued.
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8 12 16 20 24
BI deg

(c) a = 8.20.

Figure 9.- Continued.
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4 8 2 186 20 24

B, deg
(d) o = 12.3°,
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Figure 1h.~ Effect of rectangular wings on serodynamic characteristics
in pitch. One-caliber cylindrical afterbody; 1/d4 = 10.
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(a) large rectangular wing, FiWyAs.

Pigure 21l.- Varietion of Cp and Cy with P for vaerious angles of
attack. Rectangular wings; 2-caliber cylindrical afterbody; l/d = 10,
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Figure 25.- Effect of forebody length on serodynamic characteristics in
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(f) Large delte wing, FWiiAq
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Figure 33.- Effects of 2-diameter boattail (A5) and 2-caliber flare

(Ag) afterbodies on aerodynamic characteristics in pitch. Iarge
delta wings; 1/d = 10.
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(c) large delta wing, FqWoAsz.

Figure 37.- Continued.
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(d) Large delta wing, FqWiAg.

Figure 3T.- Concluded.
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(e) Large delta wing, FqWy4).

Figure 38.- Continued.
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(8) Large delta wing, FlWiAT'

Flgure 38.- Concluded.
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(a) Body alone, FlWOAS'

Figure 39.- Variation of Cp and Cy with B for various angles of attack. Two-caliber boat-
tadl {As) end 2-caliber flare (8g) efterbodies; large delta wings; 1 fd = 10.
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(b) Body alone, F Wplg.

Figure 39.~ Continued.
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(¢) Large delta wing, FiW1As5.

Figure 39.- Continued.
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(&) Large delte wing, FiWq4g8.

Figure 39.- Concluded.
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Figure 40.- Aerodynesmic characteristics in pitch of tripod nose configu-
ration with screen (F3) and without screen (Fg). No afterbody; large
delta wings.
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Figure L41l.- Aerodynemic characteristics in pitch of rounded nose configu-
ration (Fs5) with spike (¥),) and with slotted-cone (Fg). No afterbody;

large delta wings.
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Figure 42.- Aerodynamic characteristics in sideslip of tripod nose con-
figuration with screen (F;) and without screen (Fg). No afterbody;

large delta wings.
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(b) o = }'l"tlo.

Figure L42.- Continued.
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(c) « = 8.2°.

Figure 42.- Continued.
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B, deg

(d) o =~ 12.3°.

Figure 42.- Continued.

NACA RM L57TD19




NACA RM L57TD19 197

8 -4 0 4 8 12 16 20 24 28 32

B, deg

(e) o =~ 16.4°.

Figure 42.- Continued.
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(f) a = 20.5°.

Figure 42.- Continued.
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B, deg

(8) o= 24.7°.
Figure L42.~ Concluded.
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(a) a =~ 0°.

Figure 43.- Aerodynamic characteristics in sideslip of rounded-nose con-
figuration (F5) with spike (F)) end with slotted cone (Fg) No after-

body; large delta wings.
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(b) o = 4,10,

Figure 43.- Continued.
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(¢) a = 8.2°.

Figure 43.- Continued.
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() o =12.3°,

Figure 43.- Continued.
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(e) o ~ 16.4°.

Figure 43.- Continued.
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(£f) « = 20.5°.

Figure 43.- Continued.
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(g) o =~ 24,.7°.

Figure 43.- Concluded.
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(a) Screen on, FzW14p.

Pigure 4h.- Variation of Cp and Cy with B for various angles of
attack. Tripod-nose configurations; no afterbodies; large delta
wings. '
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(b) Screen off, FoiAq.

Figure L4k.- Concluded.
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(a) Rounded~ogive nose, Fs5WiAg.

Figure 45.- Variation of Cy and Cy with B for various angles of
attack. Rounded-ogive nose; no afterbody; large delta wings.




210

NACA RM L57D19

T AT
BRI
AT

(b) Rounded-ogive nose with spike, FWiAq.

Figure 45.~ Continued.
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(¢) Rounded-ogive nose with slotted cone, FgWihqe

Figure 45.- Concluded.
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d

a, deg

(a) The varistion of Cp, Ca, and Cy with ao. B = 0°.

Figure 46.- Effects of spoller deflection on merodynamic characteristics
(F7W1Al). One-caliber afterbody; large delte wings; 1/d4 = 10.




8p

NACA BM LB57D1S

ok '-: _. _ it uti o
i - [m;

8 12 16
B, deg

(b) The variation of Cp, C3y, and Cy

Figure 46.- Continued.
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(c) The variation of Cp and Cy with B. a = Q°.
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Figure 46.- Concluded.
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